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1684-Symp
Insights into Helicase Evolution from the Specificity and Mechanism of a
Dead-Box Protein
Anna L. Mallam, David J. Sidote, Alan M. Lambowitz.
Molecular Biosciences and Chemsitry, University of Texas at Austin, Austin,
TX, USA.
How helicase families with a conserved catalytic ‘helicase core’ evolved to
function on varied RNA and DNA substrates by diverse mechanisms remains
unclear. Here, we used the helicase core of Mss116, a DEAD-box protein that
utilizes ATP to locally unwind dsRNA, to investigate helicase specificity and
mechanism. Previously, we found that the two RecA-like domains of the heli-
case core of Mss116 are in an extended ‘open state’ in the absence of substrates
and recognize ATP and duplex RNA in a modular manner. Upon formation of
a compact ‘closed state’ containing an ATPase active site, conserved motifs in
the first domain promote the nonprocessive unwinding of short duplex sub-
strates bound to the second domain by excluding one RNA strand and bending
the other. In the present work, we define the molecular basis for the specificity
of DEAD-box proteins. However, we also find that Mss116 has ambiguous
substrate unwinding properties and interacts with a variety of NTPs and
nucleic acids. The efficiency of unwinding correlates with the stability of
the closed-state helicase core, a complex with nucleotide and nucleic acid
that forms as duplexes are unwound. Crystal structures reveal that core stabil-
ity is modulated by family-specific interactions that favor certain substrates.
This suggests how present-day helicases diversified from an ancestral core
with broad specificity by retaining core closure as a common catalytic
mechanism while optimizing substrate-binding interactions for different
cellular functions.
1685-Symp
Single-Molecule Imaging of Pre-mRNA Splicing
Sanjay Tyagi.
Public Health Research Institute, Rutgers University, Newark, NJ, USA.
We have developed a single-molecule RNA imaging method to study the intra-
cellular sites of splicing. In this approach introns and exons in natural genes are
probed in situ with distinctively labeled sets of about 50 oligonucleotide
probes. The attachment of so many probes renders each target molecule so
intensely fluorescent that it becomes visible as a bright diffraction-limited
spot. Spots that fluoresce in just one color are either free introns or spliced
mRNAs, and those that are visible in both colors correspond to pre-mRNAmol-
ecules. Our imaging studies confirm that constitutively spliced introns are
removed at the gene locus during transcription. However, during alternative
splicing events regulated by RNA binding proteins Sex lethal (in fruit flies)
and polypyrimidine tract binding protein (in HeLa cells), which ensure that
only one splice form is produced in a particular cell type, splicing gets un-
coupled from transcription and occurs after the release of pre-mRNA from
the gene locus. Similar uncoupling occurrs when intronic polypyrimidine tracts
are masked within hairpins. Live cell imaging of the post-transcriptional
splicing events suggests that they occur at the periphery of nuclear speckles
where many splicing factors and poly adenylated transcripts are sequestered.
Recent genome-wide studies reveal that a fraction of alternative splicing events
likely occur via this route.
1686-Symp
Auxiliary Factors and RNA Substrates Regulate Dead-Box Protein Activ-
ity by Modulation of the Dead-Box Protein Conformational Cycle
Ulf Harms, Alexandra Z. Andreou, Airat Gubaev, Dagmar Klostermeier.
Physical Chemistry, University of Munster, Munster, Germany.
DEAD-box proteins unwind RNA duplexes at the expense of ATP hydrolysis in
virtually all processes involving RNA. During unwinding, they alternate be-
tween open and closed conformations, and the transition to the closed confor-
mation has previously been linked to duplex destabilization. The eukaryotic
translation initiation factor 4A (eIF4A) is a DEAD-box helicase that is thought
to resolve secondary structure elements from the 50-UTR of mRNAs to enable
ribosome scanning. Its RNA-stimulated ATPase and ATP-dependent helicase
activities are enhanced by other translation initiation factors, but the underlying
mechanisms are unclear. eIF4A can adopt three different conformations, an
open state in the absence of ligands, a half-open state stabilized by eIF4G,
and a closed state populated in the presence of eIF4G and eIF4B. In single
molecule FRET experiments on donor/acceptor-labeled eIF4A, we have
dissected the effect of eIF4B and eIF4G on RNA-dependent ATPase- and
RNA helicase activities, and on the eIF4A conformational cycle in the context
of different unwinding substrates. We show that eIF4B and eIF4G, as well asdifferent structures in the 50-UTR, modulate the energy landscape underlying
the eIF4A conformational cycle by changing the energetic differences and
the energy barriers between functionally relevant conformational states, lead-
ing to changes in rate constants for inter-conversion and in equilibrium distri-
butions. Our results reveal on a molecular level how translation initiation
factors synergistically stimulate the eIF4A helicase activity in the mRNA scan-
ning process, and show that the eIF4A conformational cycle is central for the
multi-layered regulation of eIF4A activity, and for its role as a regulatory
hub in translation initiation.
1687-Symp
Molecular Mechanisms of Viral RNA Detection: RIG-I and MDA5
Sun Hur.
Biological Chemistry and Molecular Pharmacology, Harvard University,
Boston, MA, USA.
The ability to distinguish ‘‘self’’ from ‘‘non-self’’ is fundamental to proper
functioning of both the innate and adaptive immune systems. Several pattern
recognition receptors (PRR) in the innate immune system are responsible for
the initial detection of foreign molecules associated with pathogens such as
bacterial cell wall components or viral nucleic acids. My laboratory has been
interested in understanding the molecular mechanisms of one such family of
receptors, RIG-I and MDA5, which recognize viral RNAs during infection
and elicit the type I interferon response against a broad range of viruses. These
receptors share the common domain architecture, including the DExD/H motif
helicase domain. In this talk, I will present our recent discoveries on the struc-
tural and biochemical mechanisms by which these receptors differentially uti-
lize the helicase domain to recognize their cognate viral RNAs and activate the
signaling pathway.
Symposium: Molecules of Memory: Glutamate
Receptor Channels
1688-Symp
Conformational Changes Underlying Glutamate Receptor Gating
Mark Mayer.
LCMN, NIH, Bethesda, MD, USA.
The gating mechanism of glutamate receptor ion channels involves conforma-
tional changes triggered by the binding of glutamate that open the ion chan-
nel, followed within milliseconds by nearly complete desensitization. In a
collaboration with the Subramaniam Lab at NCI, cryo-EM structures of full
length AMPA (GluA2) receptors, stabilized in the active state by allosteric
modulators, reveal concerted conformational changes in the ligand binding
domain that produce a vertical contraction accompanied by a corkscrew
like rotation that leads to expansion of the linkers leading to the M3 helix
bundle; in the desensitized state the ATD dimer pairs adopts multiple confor-
mations with evidence for substantial reorganization of the ligand binding
domain tetramer. By contrast, for the GluK2 kainate receptor the ATD dimer
assembly remains intact in the desensitized state, while the LBD rearranges
into a 4-fold symmetric structure in which the linkers leading to the M3 helix
bundle adopt a contracted conformation that is however different from the
closed state. Measurements of ATD tetramer association by analytical ultra-
centrifugation reveal a 1000-fold high higher affinity for GluK2 versus
GluA2 that underlies the different behavior of the ATD in the desensitized
state, movements of which however are secondary to and play no major
role in desensitization.
1689-Symp
AMPA Receptor Structure, Function, and Dynamics
Robert E. Oswald, Ahmed H. Ahmed, Christopher P. Ptak,
Madeline Martinez.
Molecular Medicine, Cornell University, Ithaca, NY, USA.
AMPA receptors (GluAs) are essential neuronal ligand-gated ion channels
involved in learning and memory. The dimeric conformation of the GluA
ligand-binding domain is involved in the coupling of agonist binding to channel
gating.We have used NMR, crystallography, ITC, and single channel recording
to study the mechanism of action of antagonists and partial agonists on the
GluA2 receptor. Antagonists form stable but open cleft binding sites with little
dynamics, with binding driven largely by enthalpy. On the other hand, consid-
erable dynamics are observed in the binding site in the presence of partial ag-
onists, whose binding, in most cases, has a large entropic component. Allosteric
modulators bind to a large surface that is formed by the dimer interface of two
ligand-binding domains in the resting and channel activated states. This binding
prevents the dissociation of the dimer interface and inhibits desensitization of
the receptor. The desensitized conformation is disrupted along the dimer inter-
face; however, little is known about the dynamic equilibrium between the
336a Tuesday, February 10, 2015bound/dimerized form and the unbound/monomer forms. Using small angle
x-ray scattering (SAXS), crystallography, and NMR spectroscopy, we devel-
oped an equilibrium model for modulator dependent dimerization. This model
demonstrates that a second modulator-binding site produces both an increase in
positive cooperativity and a higher apparent affinity. A combination of the crys-
tal structures of the bound modulators and the binding model developed using
SAXS data provide new clues for the development of more effective allosteric
modulators that may have cognitive enhancing effects.
1690-Symp
Intracellular Domains of NMDA Receptors Control Channel Permeation
and Gating Properties
Gabriela K. Popescu.
Biochemistry, University at Buffalo (SUNY), Buffalo, NY, USA.
Among glutamate-gated excitatory channels, NMDA receptors are pivotal to
the physiology of central synapses. Their activation initiates cellular processes
responsible for synaptic plasticity, the substrate of memory; but it can also
awake apoptotic cascades that result in neuronal degeneration. Which cellular
pathways are activated hinges critically on the amplitude and time course of the
intracellular calcium injected by NMDA receptors. In turn, these features of the
calcium transient depend fundamentally on the receptor’s ionic conductance,
calcium permeability, and gating kinetics. Here, I present new evidence from
my laboratory that the NMDA receptor-mediated calcium transient is differen-
tially controlled by the receptor’s intracellular domains, with ionic conductance
and calcium permeability set by GluN1 and gating kinetics controlled largely
by GluN2 subunits. Importantly, the phosphorylation state of GluN1 residues
modulates in a reversible and dynamic manner calcium permeability and
pore size. This appears to be a heretofore unique case of physiologic regulation
of channel permeability by reversible, in-situ post-translational modification.
Given the critical role of NMDA receptor calcium transients in synaptic phys-
iology, the mechanisms we discuss here may open the way for new ways to
manipulate these for therapeutic gain.
1691-Symp
NMDA Receptors as Dynamic Allosteric Machines
Pierre Paoletti.
Ecole Normale Superieure, CNRS, INSERM, Paris, France.
N-methyl-D-aspartate receptors (NMDARs) are glutamate-gated ion channels
that are essential mediators of excitatory neurotransmission and synaptic plas-
ticity. NMDARs have also been implicated in a plethora of neuropathological
conditions thus receiving strong interest as potential therapeutic targets. Recent
years have witnessed major progress in our understanding of the structure,
mechanisms and pharmacology of NMDARs, with highlights including the de-
coding of the first full-length receptor crystal structures and the discovery of
complex allosteric interactions between the constitutive domains and subunits.
NMDARs form massive (>600 kDa) heterotetrameric complexes that usually
incorporate two obligatory GluN1 subunits and two GluN2 subunits, of which
there are four subtypes (GluN2A-D). Here, I will present the unique role and
structural mechanisms of the large extracellular N-terminal domains (NTDs).
These domains are distinct from the agonist-binding domains and lay most
distal from the transmembrane pore but have been shown to control receptor
activity. I will highlight recent experimental and modeling data showing that
the allosteric capacity of NMDAR NTDs is intimately linked to their high
conformational mobility, the clamshell-like NTDs undergoing large scale
motions that can be sensed by the downstream gating machinery. The NTD
allosteric signaling in NMDARs is unique among the ionotropic glutamate
receptor family with important implications both for receptor physiology and
drug action.
Platform: Single-Molecule Spectroscopy
1692-Plat
NMDA Receptor Ion Channel Dynamics in Living Cells by a Novel
Single-Molecule Patch-Clamp FRET Microscopy: Revealing the Multiple
Conformational States Associated with a Channel at its Electrical Off State
Dibyendu Sasmal, H. Peter Lu.
Department of Chemistry and the Center for Photochemical Sciences,
Bowling Green State University, Bowling Green, OH, USA.
Stochastic and inhomogeneous conformational changes regulate the function
and dynamics of ion channels. The conformational dynamics is often inhomo-
geneous and extremely difficult to be directly characterized by ensemble-
averaged spectroscopic imaging or only by single channel patch-clamp electric
recording methods. We have developed a new combined approaches of using
single ion channel patch-clamp electrical recording and single-molecule fluo-
rescence imaging for probing ion channel conformational changes simulta-neously with the electrical single channel recording. We were able to probe
single ion-channel-protein conformational changes simultaneously with the
electric on-off signals, and thus providing an understanding the dynamics
and mechanism of ion-channel proteins at the molecular level.(1,2) We have
probed NMDA (N-Methyl-D-Aspartate) receptor ion channel in live HEK-
293 cell, especially, the single ion channel open-close activity and its associ-
ated protein conformational changes simultaneously. Furthermore, we have
revealed that the seemingly identical electrically off states are associated
with multiple conformational states. Based on our experimental results, we
have proposed a multistate clamshell model to interpret the NMDA receptor
open-close dynamics. Our results shed light on new perspectives of the intrinsic
interplay of lipid membrane dynamics, solvation dynamics, and the ion channel
functions.
Reference:
1. Dibyendu Kumar Sasmal, H. Peter Lu, ‘‘ Single-Molecule Patch-Clamp
FRET Microscopy Studies of NMDA Receptor Ion Channel Dynamics in
Living Cells: Revealing the Multiple Conformational States Associated with
a Channel at Its Electrical Off State,’’ J. Am. Chem. Soc., 136, 12998-13005
(2014).
2. Suneth P. Rajapaksha, Xuefei Wang, H. Peter Lu, ‘‘Suspended Lipid Bilayer
for Optical and Electrical measurements of Single Ion Channel Proteins,’’ Anal.
Chem., 85, 8951-8955 (2013).
1693-Plat
Exploring Tau Conformations at the Single-Molecule Level in a Micro-
fluidic Trap
Randall H. Goldsmith1, Sharla Wood1, Lydia Manger1, Michael Holden2,
Martin Margittai2.
1Chemistry, University of Wisconsin Madison, Madison, WI, USA,
2Chemistry, University of Denver, Denver, CO, USA.
The conformational dynamics of intrinsically disordered proteins (IDP’s) are
inextricably linked to their roles in signaling, regulation, folding, and diseases.
Single-molecule methods can contribute valuable information on the confor-
mational dynamics of biomolecules because they allow the observation of un-
synchronized dynamics and characterization of diverse populations. Typically,
target biomolecules are immobilized to allow study over a longer time window.
However, biomolecules with more fluid structures, like IDP’s, are highly
susceptible to having their structure dominated by the immobilization environ-
ment. A method of studying single solution-phase biomolecules for prolonged
periods of time would be highly useful for elucidating protein dynamics over
many timescales.
In this study, we present the use of a microfluidic trap that is capable of
canceling Brownian motion to allow the observation of solution-phase dy-
namics of IDP’s over multiple seconds.We will focus on Tau, a protein contrib-
utor to the etiology of Alzheimer’s disease. Solution-phase conformations of
the monomer and small aggregates will be described. The details of the tech-
nique, dynamics of the biomolecule targets, and future applications and direc-
tions will be discussed.
1694-Plat
3D Tracking of Single Quantum Dots through Off-Focus Imaging
Lucia Gardini1,2, Marco Capitanio1,2, Francesco Saverio Pavone1,2.
1LENS-University of Florence, Sesto Fiorentino, Italy, 2Physics Department-
University of Florence, Sesto Fiorentino, Italy.
Recently, tremendous improvements have been achieved in the precision of
localization of single fluorescent molecules, allowing localization and tracking
of biomolecules at the nm level. Since the behaviour of proteins and biological
molecules is tightly related to the cell’s environment, a growing number of mi-
croscopy techniques are moving from in vitro to live cell experiments. Looking
at both diffusion and active transportation processes inside a cell requires three-
dimensional localization over a few microns range, high SNR images and high
temporal resolution (ms order of magnitude).
It has been shown that axial localization within few nanometers can be achieved
through out-of-focus imaging, by studying the behaviour of the point spread
function of probes out of the focal plane. Here we describe a newmethod, based
on this approach, throughwhich the x, y coordinates of thePSF’s centre are local-
ized and the radius of the off-focus PSF is automatically measured and related to
the axial position of the probe, thus providing a calibration curve for indirect
axial position measurement. Our method revealed a non-linear behaviour of
this curve for both fluorescent beads and quantum dots. Through our algorithm,
simultaneous localization of all three dimensions within 5 nm accuracy can be
achieved, over a 2 um range, for 200 nm fluorescent beads. Moreover, by the
combination of off-focus imaging with HILO (Highly Inclined and Laminated
Optical sheet) illumination we demonstrate 3D tracking of single QDs inside
living cells within 10 nm accuracy over 1um range.
